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@ Apparatus for measuring a particle size distribution. 



@ According to the disclosure, the quantity of light 
of laser beams (L) and the quantity of monochrome 
light beams (M) Incident upon a sample cell (21) 
after transmitting through the sample cell (21) is 
monitored in order to determine the transmission 
factors of the laser beams and the monochrome light 
beams through the sample cell (21) for compensat- 
ing the data of measurement on the basis of the 
transmission factors , whereby eliminating the influ- 
ence of the concentration of the sample particles. 

Alternatively or in addition, the optical intensity 
of the laser beams and the monochrome light beams 
prior to their incidence upon the sample cell is 
measured in order to compensate the data of mea- 
surement on the basis of the optical intensity, where- 
by eliminating the influence by the quantity of light 
^ of the light source. 
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Field of the Invention 

The present invention relates to an apparatus 
for measuring a particle size distribution as claimed 
in the preamble of claim 1 . Moreover, the Invention 
relates to an apparatus in which a particle size 
distribution of sample particles is measured by 
utilizing a diffraction phenomenon or a scattering 
phenomenon brought about by irradiating dis- 
persed particles with a light. 

Description of the Prior Art 

With an apparatus for measuring a particle size 
distribution utilizing a diffraction phenomenon or a 
scattering phenomenon of a light by particles, an 
intensity distribution of a diffracted light or scat- 
tered light, in short a relation between an intensity 
of light and a diffraction angle or scattering angle, 
is measured and then the resulting relation is sub- 
jected to an operation based on the theory of the 
Fraunhofer diffraction or the Mie scattering to cal- 
culate a particle size distribution of sample par- 
ticles. 

Fig. 8 is a perspective view showing the con- 
ventional example of an apparatus for measuring a 
particle size distribution of this type. 

Referring to Fig. 8, a flow cell 1 is a transpar- 
ent vessel through which a medium with sample 
particles dispersed therein flows. Said flow cell 1 is 
irradiated with parallel laser beams L from a laser 
optical system 2. 

Separately from said parallel laser beams L, 
the flow cell 1 is irradiated with single wavelength 
beams M from a single wavelength optical system 
3. 

The laser beams L, which have been diffracted 
or scattered by said sample particles within the 
flow cell 1, are incident upon a ring shaped 
photosensor array 5 through a Fourier transforma- 
tion lens 4 to determine a particle size distribution 
of the sample particles having relatively larger par- 
ticle diameters from a distribution of a light to be 
measured in intensity. 

In addition, said single wavelength beams M, 
which have been diffracted or scattered by the 
sample particles in the same manner, are incident 
upon a plurality of photosensors 6a, 6b - - -, which 
are arranged at positions exhibiting scattering an- 
gles different to each other relatively to the flow 
cell 1, to determine a particle size distribution of 
the sample particles having relatively smaller par- 
ticle diameters from a distribution of a light to be 
measured in intensity. 

In addition, referring to Fig. 8 again, reference 
numeral 7 designates a laser diode, reference nu- 
meral 8 designates a collimator lens, reference 
numeral 9 designates a light source, reference nu- 



meral 10 designates a spherical mirror, reference 
numeral 12 designates a collecting lens, reference 
numeral 13 designates an interference filter, and 
reference numeral 14 designates a light-measuring 
6 slit. 

With the above described apparatus for mea- 
suring a particle size distribution, the laser beams L 
from said laser optical system 2 and the monoch- 
rome beams M from said optical system 3 are 

10 incident upon the same flow cell 1 to make the 
laser beams, which have been diffracted or scat- 
tered by the sample particles within the flow cell 1 , 
incident upon said ring shaped photosensor array 
5, whereby measuring said optical intensity dis- 

75 tribution, and simultaneously make the monoch- 
rome beams M, which have been diffracted or 
scattered by the same sample particles, incident 
upon a plurality of photosensors 6a, 6b - - 
whereby measuring the optical intensity, so that 

20 said particle size distribution of the sample par- 
ticles having relatively larger particle diameters is 
measured from the measurement by the laser 
beams L while said particle size distribution of the 
sample particles having relatively smaller particle 

25 diameters is measured from the measurement by 
the monochrome beams M. Accordingly, an advan- 
tage occurs in that the particle size distribution 
ranging from the smaller particle diameters to the 
larger particle diameters can be measured by 

30 means of a single apparatus. 

However, in the above described conventional 
apparatus for measuring a particle size distribution, 
if a concentration of sample particles flowing 
through the flow cell 1 is changed, also the optical 

35 intensity measured by means of the ring shaped 
photosensor array 5 and a plurality of photosensors 

6a, 6b is changed depending upon a change 

of said concentration of sample particles. 

That is to say, there is a tendency that the light 

40 beams which have been diffracted or scattered by 
the sample particles, are more strongly influenced 
by a multiple scattering with an increase of the 
concentration of sample particles and thus the op- 
tical intensity received by the ring shaped 

45 photosensor array 5 and the photosensors 6a, 6b - 
- - is reduced so much as that. 

In particular, in the case where the particles 
have diameters of submicron order, said multiple 
scattering is changed in extent depending upon the 

50 wavelength of the irradiated beams, so that an 
influence of the multiple scattering upon the optical 
intensity of the laser beams measured by means of 
the ring shaped photosensor array 5 is different 
from that upon the optical intensity of the monoch- 

55 rome beams measured by means of a plurality of 
photosensors 6a, 6b - - - in extent. 
As mentioned above, in case of the conventional 
apparatus for measuring a particle size distribution. 
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the influence of the concentration of sample par- 
ticles upon nneasured results has not been taken 
into consideration, so that problems have occurred 
in that said measured results are different depend- 
ing upon the concentration of sample particles 
flowing through the flow cell 1 even though the 
sample particles have the same particle size dis- 
tribution. 

In addition, in case of the above described 
conventional apparatus for measuring a particle 
size distribution, if a quantity of laser beams emit- 
ted from said laser diode 7 and said light source 9, 
which is a light source of the laser optical system 2 
and the single wavelength optical system 3, re- 
spectively, is fluctuated, also a quantity of light 
received by the ring shaped photosensor array 5 

and the photosensors 6a. 6b is dependently 

fluctuated. but no measure is taken as for an influ- 
ence of said fluctuation of said quantity of light 
emitted from said light sources upon the quantity 
of light scattered, so that a problem has occurred 
in that the particle size distribution can not be 
accurately determined. 

SUMMARY OF THE INVENTION 

It is a first object of the present invention to 
provide an apparatus for measuring a particle size 
distribution capable of accurately measuring a par- 
ticle size distribution without being influenced by a 
concentration of sample particles. 

It is a second object of the present invention to 
provide an apparatus for measuring a particle size 
distribution capable of accurately measuring a par- 
ticle size distribution without being influenced by a 
fluctuation of quantity of light emitted from a light 
source. 

The apparatus according to the invention may 
comprise: 

a larger diameter particle-detecting optical sys- 
tem containing laser beam-irradiating means for 
irradiating a sample vessel, in which a medium with 
sample particles dispersed is housed, with laser 
beams and a ring shaped detector for measuring 
optical intensities of laser beams having the re- 
spective scattering angles diffracted or scattered 
by said sample particles; a smaller particle-detect- 
ing optical system containing single wavelength 
light-irradiating means for irradiating said sample 
vessel with single wavelength light obtained from a 
lamp light and a group of photosensors for measur- 
ing optical intensities of single wavelength light 
having the respective scattering angles diffracted 
or scattered by the sample particles; a first trans- 
mitted beam-measuring photosensor for measuring 
an optical intensity of a laser beam transmitting 
through the sample vessel without being diffracted 
or scattered by the sample particles; a second 



transmitted beam-measuring photosensor for mea- 
suring an optical intensity of a single wavelength 
light transmitting through the sample vessel without 
being diffracted or scattered by the sample par- 

5 tides; compensating means for calculating a trans- 
mission factor of said laser beam and of said single 
wavelength light, respectively, on the basis of the 
data measured by means of said first transmitted 
beam-measuring photosensor and said second 

10 transmitted beam-measuring photosensor to com- 
pensate the data measured by means of said ring 
shaped detector and said group of photosensors 
by a quantity corresponding to said transmission 
factors; and particle size distribution-calculating 

15 means for calculating a particle size distribution of 
the sample particles from the compensated data of 
measurement on the basis of the theory of the 
Fraunhofer diffraction or the Mie scattering. 

According to the above described construction, 

20 the data measured by means of the ring shaped 
detector for measuring said optical intensities of 
said laser beams diffracted or scattered by the 
sample particles and the data measured by means 
of the group of photosensors for measuring said 

25 optical intensities of said monochrome light are 
compensated by means of said compensating 
means by a quantity corresponding to a concentra- 
tion of sample particles at that time and the particle 
size distribution of the sample particles is cal- 

30 culated by means of said particle size distribution- 
calculating means on the basis of the compensated 
data of measurement. Accordingly, the determined 
particle size distribution is correct. 

In addition or alternatively, the apparatus ac- 

35 cording to the invention may comprise: the larger 
diameter particle-detecting optical system men- 
tioned above containing laser beam-irradiating 
means for irradiating a sample vessel, in which a 
medium with sample particles dispersed is housed, 

40 with laser beams and a ring shaped detector for 
measuring optical intensities of laser beams having 
the respective scattering angles diffracted or scat- 
tered by said sample particles; the smaller particle- 
detecting optical system mentioned above contain- 

45 ing single wavelength light-irradiating means for 
irradiating said sample vessel with monochrome 
light obtained from a lamp light and a group of 
photosensors for measuring optical intensities of 
monochrome light having the respective scattering 

50 angles diffracted or scattered by the sample par- 
ticles; a first beam splitter for separating a part of 
the laser beams before they are incident upon the 
sample vessel; a first monitoring photosensor for 
measuring an optical intensity of the laser beams 

55 separated by means of said first beam splitter; a 
second beam splitter for separating a part of the 
monochrome light before they are incident upon 
the sample vessel; a second monitoring photosen- 
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sor for measuring an optical intensity of tine mon- 
ochrome light separated by means of said second 
beam splitter; compensating means for compensat- 
ing said data measured by means of the ring 
shaped detector and the group of photosensors 
depending upon said data measured by the re- 
spective monitoring photosensors at a point of time 
when the above described data are measured; and 
the particle size distribution-calculating means 
mentioned above for calculating a particle size dis- 
tribution of the sample particles from the com- 
pensated data of measurement on the basis of the 
theory of the Fraunhofer diffraction or the Mie 
scatttering. 

According to the above described construction, 
the data measured by means of the ring shaped 
detector for measuring said optical intensities of 
said laser beams diffracted or scattered by the 
sample particles and the data measured by means 
of the group of photosensors for measuring said 
optical intensities of said monochrome light are 
compensated by means of said compensating 
means by a quantity corresponding to an optical 
quantity of the laser beams measured by the first 
monitoring photosensor and an optical quantity of 
the monochrome light measured by the second 
monitoring photosensor at that point of time when 
the data measured by means of the ring shaped 
detector and the data measured by means of the 
group of photosensors are measured and the par- 
ticle size distribution of the sample particles is 
accurately calculated by means of said particle 
size distribution-calculating means on the basis of 
the compensated data of measurement. 

In addition, the data measured by means of 
said larger diameter particle-detecting optical sys- 
tem and the data measured by means of said 
smaller diameter particle-detecting optical system 
are put in together as the data for the particle size 
distribution-calculating means by means of a data- 
putting in means, so that a wide range of particle 
size distribution ranging from the smaller particle 
diameters to the larger particle diameters can be 
simply measured by at a single stroke. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are 
shown in Figs. 1 to 8, in which 

Fig. 1 is a diagram schematically showing an 
outline of an apparatus of a first embodiment for 
measuring a particle size distribution; 
Fig. 2 is a perspective view showing a ring 
shaped detector used in said apparatus for mea- 
suring a particle size distribution shown in Fig. 
1; 



Fig. 3 is a plan view showing an interference 
filter used in the apparatus of Fig. 1 for measur- 
ing a particle size distribution; 
Fig. 4 is a flow chart showing a measuring 

6 operation in the apparatus of Fig. 1 for measur- 
ing a particle size distribution; 
Fig. 5 Is a diagram schematically showing an 
outline of an apparatus of a second embodiment 
for measuring a particle size distribution; 

10 Fig. 6 is a perspective view showing a ring 
shaped detector used in said apparatus of Fig. 5 
for measuring a particle size distribution; 
Fig. 7 Is a flow chart showing a measuring 
operation in the apparatus of Fig. 5 for measur- 

75 Ing a particle size distribution; and 

Fig. 8 Is a perspective view showing a construc- 
tion of the conventional apparatus for measuring 
a particle size distribution. 

20 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The preferred embodiments of the present in- 
vention will be below described with reference to 

25 the drawings. 

Fig. 1 is a diagram showing an optical measur- 
ing system in an apparatus for measuring a particle 
size distribution according to the first embodiment. 
Referring to Fig. 1, a sample cell 21 is a 

30 transparent vessel housing a sample liquid with 
sample particles dispersed in a medium therein 
and laser beam-emitting means 22 is an optical 
system for irradiating said sample ceil 21 with 
parallel laser beams L. 

35 Said laser beam-emitting means 22 Is com- 

posed of a laser beam source 27 for emitting said 
parallel laser beams L, a beam expander 28 for 
expanding a flux of the laser beams L and the like. 
A collecting lens 24 for collecting the laser 

40 beams L diffracted or scattered by said sample 
particles and the laser beams L transmitting 
through the sample cell 21 as they are without 
being diffracted or scattered by the sample par- 
ticles on a ring shaped detector 25 is arranged on 

45 an optical axis of the laser beam-emitting means 
22 in front of the sample cell 21. 

Said ring shaped detector 25 is arranged in 
front of said collecting lens 24 for receiving the 
laser beams having the respective scattering an- 

50 gles diffracted or scattered by the sample particles 
to measure their optical intensity distribution. 

Fig. 2 is a perspective view showing a con- 
struction of the ring shaped detector 25. This ring 
shaped detector 25 is composed of a plurality of 

55 scattered beam photosensors 25a, 25b - - - ar- 
ranged so as to be divided in a ring shape with 
said optical axis of the laser beam-emitting means 
22 as a center for detecting the laser beams L 
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diffracted or scattered by the sample particles at 
the respective angles depending upon particle di- 
ameters of the sample particles. In addition, one 
transmitted beam photosensor 35 is arranged at a 
central position of the ring shaped detector 25 for 
detecting the laser beams L transmitting through 
the sample cell 21 without being diffracted or scat- 
tered. 

Said respective photosensors 25a, 25b - - -. 35 
of the ring shaped detector 25 are connected with 
a multiplexer 37 through amplifiers 36 cor- 
responding thereto. 

The laser beam-emitting means 22, the collect- 
ing lens 24 and the ring shaped detector 25 com- 
pose a larger diameter particle-detecting optical 
system 19 for receiving the laser beams diffracted 
or scattered by the sample particles having rela- 
tively larger particle diameters. 

On the other hand, single wavelength light- 
emitting means 23 is an optical system for irradiat- 
ing the sample cell 21 with single wavelength light 
M having wavelengths shorter than those of the 
laser beams L and composed of a lamp light 
source 29, a spherical mirror 30, apertures 31, 34. 
a collimator lens 32, an interference filter 33 and 
the like. 

Said spherical mirror 30 is a mirror for collect- 
ing a light emitted backward from said lamp light 
source 29 on said aperture 31 arranged in front of 
the lamp light source 29. The aperture 31 contracts 
said light from the lamp light source 29 to form a 
sufficiently small bundle of beams. 

Said collimator lens 32 arranged in front of the 
aperture 31 is a lens for turning the lamp light, 
which has been contracted by means of the ap- 
erture 31, into parallel beams. Said interference 
filter 33 arranged in front of the collimator lens 32 
is a filter for taking out merely beams M having an 
appointed monochrome wavelength from said par- 
allel beams. 

Fig. 3 is a plan view showing a construction of 
the interference filter 33. The interference filter 33 
is composed of a plurality of for example 1/4 
wavelength plates 33a, 33b - - - different in trans- 
mitting wavelength and longitudinally arranged so 
that said beams M having an appointed single 
wavelength taken out may be switched over to a 
plurality of steps in wavelength by shifting a posi- 
tion of the interference filter 33 up and down. 

Said aperture 34 arranged in front of the inter- 
ference filter 33 aims at a contraction of a bundle 
of the single wavelength beams M from the inter- 
ference filter 33. The single wavelength beams M, 
which have passed through the aperture 34, are 
incident upon a position different from the incident 
position of the laser beams L on the sample cell 
21. 



In addition, a transmitted beam photosensor 38 
for detecting the single wavelength beams M, 
which have transmitted through the sample cell 21 
without being diffracted or scattered by the sample 

5 particles, is arranged on an optical axis of single 
wavelength beam-emitting means 23 in front of the 
sample cell 21. Said photosensor 38 is connected 
with the multiplexer 37 through an amplifier 36 
corresponding thereto, 

10 In addition, a plurality of photosensors 26a, 26b 

- - - composing a group of photoensors 26 for 
individually detecting the monochrome beams M 
diffracted or scattered by the sample particles are 
arranged at the respective scattering angle posi- 

75 tions. In particular, here, said photosensors 26a, 

26b are arranged not only on the side in rear 

of the sample cell 21, in short the side on which 
the monochrome-emitting means 23 is arranged, 
but also on the side in front of the sample cell 21 

20 to measure an optical intensity also as for the 
monochrome beams M scattered ahead the sample 
cell 21 . 

The respective photosensors 26a. 26b - - - 
receive the respective diffracted or scattered 

25 beams collected by means of collecting lenses 
39a, 39b corresponding thereto. The photosen- 
sors 26a, 26b are connected with said mul- 
tiplexer 37 through amplifiers 36, respectively. 

The monochrome-emitting means 23, said 

30 group of photosensors 26 and said collecting len- 
ses 39a, 39b - - - compose a smaller diameter 
particle-detecting optical system 20 for receiving 
beams diffracted or scattered by the sample par- 
ticles having relatively smaller particle diameters. 

35 Said multiplexer 37 is a circuit having a func- 

tion of taking in data of an optical intensity de- 
tected by means of the photosensors 25a, 25b - - 
35 of the ring shaped detector 25 and data 
detected by means of the other photosensors 26a, 

40 26b ,38 in an appointed order and converting 

the taken-in data into series signals in the taking-in 
order to send them to an A/D converter 39 on the 
following stage. 

Said A/D converter 39 is a circuit for converting 

45 the sent data of measurement, in short analog data, 
into digital data and said digital data are sent to an 
operating device 40 on the following stage. 

Said operating device 40 is a device for con- 
ducting an operation of determining a particle size 

50 distribution of the sample particles within the sam- 
ple cell 21 on the basis of the sent digital data 
about an optical intensity and composed of a com- 
puter and the like. This operation determines said 
particle size distibution on the basis of the theory 

55 of the Fraunhofer diffraction or the Mie scattering 
but here also a compensating function for com- 
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pensating input data used for the operation prior to 
the operation of the particle size distribution is 
added. 

That Is to say, said compensation in this case 
connpensates the data of an optical intensity de- 
tected by means of the photosensors 25a, 25b - - 
-, 26a, 26b - - - on the basis of the data of the 
transmitted beams received by the transmitted 
beam photosensors 35. 38 when the diffracted 
beams or the scattered beams are received by the 

respective photosensors 25a. 25b . 26a. 26b - - 

-. The data measured by the photosensors 25a. 
25b - - - receiving the diffracted beams or the 
scattered beams of the laser beams L are com- 
pensated on the basis of the data of the transmit- 
ted beams detected by the transmitted beam 
photosensor 35 and the data measured by the 

photosensors 26a, 26b receiving the diffracted 

beams or the scattered beams of the monochrome 
beams M are compensated on the basis of the 
data of the transmitted beams detected by the 
transmitted beam photosensor 38, respectively. 

Fig. 4 is a flow chart showing an outline of the 
operation conducted in the operating device 40. 

The measuring procedures of the particle size 
distribution in the apparatus for measuring a par- 
ticle size distribution will be below described with 
reference also to a flow chart shown in Fig. 4. 

In the optical system composing the laser 
beam-emitting means 22. the laser beams L from 
the laser light source 27 are expanded in bundle of 
beams by means of the beam expander 28 and 
then incident upon the sample cell 21. 

The laser beams L are diffracted or scattered 
by the sample particles within the sample cell 21 
and the diffracted beams or the scattered beams 
are focused into an image on the ring shaped 
detector 25 by means of the collecting lens 24. 

In the ring shaped detector 25, an optical inten- 
sity of the laser beams L transmitting through the 
sample cell 21 as they are without being diffracted 
or scattered by the sample particles is measured 
by means of the transmitted beam photosensor 35 
positioned at a center of the ring shaped detector 
25. In addition, an optical intensity of the laser 
beams L diffracted or scattered by the sample 
particles is measured by means of other photosen- 
sors 25a, 25b - - - arranged on the outer circum- 
ference of the transmitted beam photosensor 35. 

Of the respective photosensors 25a, 25b , the 

photosensors on the outer circumferential side re- 
ceive the laser beams L scattered at larger scatter- 
ing angles while the photosensors on the inner 
circumferential side receive the laser beams L 
scattered at smaller scattering angles. Accordingly, 
said optical intensity detected by means of the 
photosensors on the outer circumferential side re- 
flects a quantity of the sample particles having 



larger particle diameters while said optical intensity 
detected by means of the photosensors on the 
inner circumferential side reflects a quantity of the 
sample particles having smaller particle diameters. 

5 The optical intensities detected by means of the 
respective photosensors 25a. 25b - - -, 35 are 
converted into analog electric signals and put In the 
multiplexer 37 through the amplifiers 36. 

On the other hand, in the optical system com- 

10 posing the monochrome beam-emitting means 23, 
the lamp light from the lamp light source 29 is 
turned into parallel beams by means of the collima- 
tor lens 32 through the aperture 31 and said par- 
allel beams are turned into the monochrome 

75 beams M by means of the interference filter 33. In 
addition, the monochrome beams M are contracted 
in bundle of beams by means of the aperture 34 
and then incident upon the sample cell 21. 

The monochrome beams M are diffracted or 

20 scattered by the sample particles within the sample 
cell 21 and the scattered beams are collected by 
means of the respective corresponding photosen- 
sors 26a, 26b through the respective collecting 

lenses 39a, 39b followed by measuring the 

25 optical intensity distribution by means of the group 
of photosensors 26. 

In the group of photosensors 26. the photosen- 
sors arranged closer to the rear of the sample cell 
21 receive the monochrome beams M having larg- 

30 er scattering angles while the photosensors ar- 
ranged closer to the front of the sample cell 21 
receive the monochrome beams M having smaller 
scattering angles. Accordingly, an optical intensity 
detected by means of the photosensors arranged 

35 in the rear of the sample cell 21 reflects the quan- 
tity of the sample particles having smaller particle 
diameters while an optical intensity detected by 
means of the photosensors arranged in the front of 
the sample cell 21 reflects the quantity of the 

40 sample particles having larger particle diameters. 
The optical intensities detected by means of the 
respective photosensors 26a, 26b - - 38 are 
converted into analog electric signals and put in the 
multiplexer 37 through the amplifiers 36. 

45 Since the wavelength range of the lamp light 

source 29 is previously selected so as to be shor- 
ter than the wavelength of the laser beams L, as 
above described, the diffracted or scattered single 
wavelength beams M are effective for the deter- 
so mination of the particle size distribution of the 
sample particles having smaller particle diameters. 
On the other hand, the diffracted or scattered laser 
beams L are effective for the detemination of the 
particle size distribution of the sample particles 

55 having larger particle diameters. 

The measurement data sent from the respec- 
tive photosensors 25a, 25b™, 35. 26a. 26b—. 38, 
in short the analog electric signals, are taken in the 
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multiplexer 37 in the appointed order. That is to 
say, for example, the data of measurement are 
taken in in the order from the photosensors 26a, 
26b— corresponding to the sample particles having 
smaller particle diameters to the photosensors 25a, 
25b— corresponding to the sample particles having 
larger particle diameters. 

In addition, in the monochrome beam-emitting 
means 23. the monochrome beams M incident 
upon the sample cell 21 are switched over in 
wavelength by shifting the position of the Interfer- 
ence filter 33 up and down, so that data ranging 
over several stages of particle diameter can be 
obtained as the data measured by means of the 
smaller diameter particle-detecting optical system 
20 by this switching-over operation. 

The analog electric signals taken into the mul- 
tiplexer 37 are turned into series signals and then 
converted into digital signals in turn in the A/D 
converter 39 on the following stage followed by 
being put into the operating device 40 on the 
following stage. 

The data of the respective transmitted beams 
measured by means of the transmitted beam 
photosensors 35. 38 are memorized in the operat- 
ing device 40 prior to the calculation of the sub- 
stantial particle size distribution under the condition 
that a sample liquid containing no sample particle 
(hereinafter referred to as a blank sample liquid as 
occasion demands) is housed in the sample cell 
21, as shown in Fig. 4 (step SI). In addition, of 
these data, the data of the transmitted monoch- 
rome beams M are separately measured to be 
memorized for every wavelength switched over by 
means of the interference filter 33. 

In the following calculation of the substantial 
particle size distribution, the respective data of the 
transmitted beams measured by means of the 
transmitted beam photosensor 38 receiving the 
transmitted monochrome beams M transmitting 
through the sample liquid containing the sample 
particles within the sample cell 21 and the transmit- 
ted beam photosensor 35 receiving the laser 
beams L transmitting through the sample liquid 
containing the sample particles within the sample 
cell 21 are compared with said respective data of 
the transmitted beams for said blank sample liquid 
previously memorized (step S2). 

That is to say, a transmissivity of the monoch- 
rome beams M is calculated from a ratio of the 
data of the transmitted beams measured by means 
of the transmitted beam photosensor 38 to the data 
of the transmitted beams for the corresponding 
blank sample liquid and similarly a transmissivity of 
the laser beams L is calculated from a ratio of the 
data of the transmitted beams measured by means 



of the transmitted beam photosensor 35 to the data 
of the transmitted beams for the corresponding 
blank sample liquid. 

Subsequently, the data measured by means of 

5 the photosensors 25a, 25b - - - in the ring shaped 
detector 25 are increasedly compensated by a 
quantity corresponding to said transmissivity cal- 
culated from the data measured by means of the 
transmitted beam photosensor 35. Similarly, the 

70 data measured by means of the photosensors 26a, 
26b are increasedly compensated by a quan- 
tity corresponding to said transmissivity calculated 
from the data measured by means of the transmit- 
ted beam photosensor 38 (step S3). 

75 Then, the particle size distribution of the sam- 

ple particles is determined on the basis of the data 
of measurement of the respective optical intensities 
compensated in the above described manner (step 
S4). Its calculating procedure is carried out on the 

20 basis of the theory of the Fraunhofer diffraction or 
the Mie scattering. 

Fig. 5 is a diagram showing an optical measur- 
ing system in an apparatus for measuring a particle 
size distribution according to the second embodi- 

25 ment. 

Referring to Fig. 5, a sample cell 51 is a 
transparent vessel housing a sample liquid with 
sample particles dispersed in a medium therein 
and laser beam-emitting means 52 is an optical 

30 system for irradiating said sample cell 51 with 
parallel laser beams L. 

Said laser beam-emitting means 52 is com- 
posed of a laser beam source 57 for emitting said 
parallel laser beams L, a beam expander 58 for 

35 expanding a bundle of laser beams L and the like. 

A collecting lens 54 for collecting the laser 
beams L diffracted or scattered by said sample 
particles on a ring shaped detector 55 is arranged 
on an optical axis of the laser beam-emitting 

40 means 52 in front of the sample cell 51. 

Said ring shaped detector 55 is arranged in 
front of said collecting lens 54 for receiving the 
laser beams having relatively smaller scattering 
angles of the laser beams L diffracted or scattered 

45 by the sample particles to measure their optical 
intensities. 

Fig. 6 is a perspective view showing a con- 
struction of the ring shaped detector 55. This ring 
shaped detector 55 is composed of a plurality of 

60 scattered beam photosensors 55a, 55b - - - ar- 
ranged so as to be divided in a ring shape with 
said optical axis P of the laser beam-emitting 
means 52 as a center for detecting the laser 
beams L diffracted or scattered by the sample 

55 particles at the respective angles depending upon 
particle diameters of the sample particles. 
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Said respective photosensors 55a, 55b - - - of 
the ring shaped detector 55 are connected with a 
multiplexer 66 through amplifiers 65 - - - cor- 
responding thereto. 

The laser beam-emitting means 52. the collect- 
ing lens 54 and the ring shaped detector 55 com- 
pose a larger diameter particle-detecting optical 
system 49 for receiving the laser beams diffracted 
or scattered by the sample particles having rela- 
tively larger particle diameters. 

A first beam-splitter 67 composed of a half 
mirror and the like for separating a part of the laser 
beams L irradiated through said expander 58 is 
disposed on said optical axis of the laser beam- 
emitting means 52 between the beam expander 58 
and the sample cell 51 so that a part of the laser 
beams L separated by means of said beam-splitter 
67 may be received by a first monitor photosensor 
68. Also said monitor photosensor 68 is connected 
with said multiplexer 66 through the corresponding 
amplifier 65. 

On the other hand, monochrome light-emitting 
means 53 Is an optical system for irradiating the 
sample cell 51 with monochrome light M having 
wavelengths shorter than those of the laser beams 
L and composed of a lamp light source 59, a 
spherical mirror 60. apertures 61, 64. a collimator 
lens 62, an interference filter 63 and the tike. 

Said spherical mirror 60 is a mirror for collect- 
ing a light emitted backward from said lamp light 
source 59 on said aperture 61 arranged in front of 
the lamp light source 59. The aperture 61 contracts 
said light from the lamp light source 59 to form a 
sufficiently small bundle of beams. 

Said collimator lens 62 arranged in front of the 
aperture 61 is a lens for turning the lamp light, 
which has been contracted by means of the ap- 
erture 61, into parallel beams. Said interference 
filter 63 arranged in front of the collimator lens 62 
is a filter for taking out merely beams M having an 
appointed monochrome from said parallel beams. 

Said aperture 64 arranged in front of the inter- 
ference filter 63 aims at a contraction of a bundle 
of the monochrome beams M from the interference 
filter 63. The monochrome beams M, which have 
passed through the aperture 64, are incident upon 
a position different from the incident position of the 
laser beams L of the sample cell 51 . 

In addition, a plurality of photosensors 56a. 56b 
- - - composing a group of photosensors 56 for 
individually detecting the monochrome beams M 
having relatively large scattering angles are ar- 
ranged at the respective scattering angle positions. 

In particular, here, said photosensors 56a, 56b 

are arranged not only on the side in rear of the 
sample cell 51, in short the side on which the 
single wavelength-emitting means 53 is arranged, 
but also on the side in front of the sample cell 51 



to measure an optical intensity also as for the 
monochrome beams M scattered ahead the sample 
cell 51. 

The respective photosensors 56a, 56b - - - 

5 receive the respective diffracted or scattered 
beams collected by means of collecting lenses 
69a. 69b corresponding thereto. The photosen- 
sors 56a, 56b - - - are connected with said mul- 
tiplexer 66 through amplifiers 65 corresponding 

70 thereto. 

The above described monochrome light-emit- 
ting means 53. group of photosensors 56 and col- 
lecting lenses 69a, 69b — compose a smaller diam- 
eter particle-detecting optical system 50 for receiv- 

75 ing the monochrome lights diffracted or scattered 
by the sample particles having relatively smaller 
particle diameters. 

In addition, a second beam-splitter 70 com- 
posed of a half mirror and the like for separating a 

20 part of the monochrome beams M irradiated 
through said aperture 64 is disposed on said op- 
tical axis of the monochrome beam-emitting means 
53 between the aperture 64 and the sample cell 51 
so that a part of the monochrome beams M sepa- 

25 rated by means of said beam-splitter 70 may be 
received by a second monitor photosensor 71 . Also 
said monitor photosensor 71 is connected with said 
multiplexer 66 through the corresponding amplifier 
65. 

30 Said multiplexer 66 is a circuit having a func- 

tion of taking in data of an optical intensity de- 
tected by means of the respective photosensors 
55a, 55b - - - of the ring-like detector 55, data 
detected by means of the respective photosensors 

35 56a, 56b of the group of photosensors 56 and 

data detected by means of the monitor photosen- 
sors 68, 71 in an appointed order and converting 
the taken-in data into series signals in the taking-in 
order to send them to an A/D converter 72 on the 

40 following stage. 

Said A/D converter 72 is a circuit for converting 
the sent data of measurement, in short analog data, 
into digital data and said digital data are sent to an 
operating device 73 on the following stage. 

45 Said operating device 73 is a device for con- 

ducting an operation of determining a particle size 
distribution of the sample particles within the sam- 
ple cell 51 on the basis of the sent digital data 
about an optical intensity and composed of a com- 

50 puter and the like. This operation determines said 
particle size distibution on the basis of the theory 
of the Fraunhofer diffraction or the Mie scattering 
but here also a compensating function for com- 
pensating input data used for the operation prior to 

55 the determination of the particle size distribution is 
added. 
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That is to say, said compensation in this case 
compensates the data of an optical intensity de- 
tected by means of the photosensors 55a, 55b - - 

56a. 56b on tlie basis of the data of the laser 

beams L and the monochrome beams M measured 
by means of the respective monitor photosensors 
68, 71 at a point of time when the diffracted beams 
or the scattered beams are received by the respec- 
tive photosensors 55a, 55b , 56a, 56b . The 

data measured by the photosensors 55a, 55b - - - 
receiving the diffracted beams or the scattered 
beams of the laser beams L are compensated on 
the basis of the data detected by means of the 
monitor photosensor 68 and the data measured by 
the photosensors 56a, 56b - - - receiving the dif- 
fracted beams or the scattered beams of the mon- 
ochrome beams M are compensated on the basis 
of the data detected by means of the monitor 
photosensor 71 , respectively. 

Fig. 7 is a flow chart showing an outline of the 
operation conducted in the operating device 73. 

The measuring procedures of the particle size 
distribution in the apparatus for measuring a par- 
ticle size distribution will be below described with 
reference also to a flow chart shown in Fig. 7. 

In the optical system composing the laser 
beam-emitting means 52, the laser beams L from 
the laser light source 57 are expanded in bundle of 
beams by means the beam expander 58 and a part 
of them transmits through the first beam-splitter 67 
to be incident upon the sample cell 51 . 

The laser beams L are diffracted or scattered 
by the sample particles within the sample cell 51 
and the diffracted beams or the scattered beams 
are focused into an image on the ring shaped 
detector 55 by means of the collecting lens 54. 

An optical intensity of the laser beams L dif- 
fracted or scattered by the sample particles is 
measured by means of the photosenors 55a, 55b - 
- - arranged in the ring shaped detector 55. Of the 
respective photosensors 55a, 55b - - -, the 
photosensors on the outer circumferential side re- 
ceive the laser beams L scattered at larger scatter- 
ing angles while the photosensors on the inner 
circumferential side receive the laser beams L 
scattered at smaller scattering angles. Accordingly, 
said optical intensity detected by means of the 
photosensors on the outer circumferential side re- 
flects a quantity of the sample particles having 
larger particle diameters while said optical intensity 
detected by means of the photosensors on the 
inner circumferential side reflects a quantity of the 
sample particles having smaller particle diameters. 

In addition, a part of the laser beams L coming 
out from the beam expander 58 and separated by 
means of the first beam-splitter 67 is received by 
the first monitor photosensor 68. 



The optical intensities detected by means of 

the respective photosensors 55a, 55b ,68 are 

converted into analog electric signals and put in the 
multiplexer 66 through the amplifiers 65. 

6 On the other hand, in the optical system com- 

posing the monochrome beam-emitting means 53. 
the lamp light from the lamp light source 59 is 
turned into parallel beams by means of the collima- 
tor lens 62 through the aperture 61 and said par- 

10 allei beams are turned into the monochrome 
beams M by means of the interference filter 63. In 
addition, the monochrome beams M are contracted 
in bundle of beams by means of the aperture 64 
and then a part of them is incident upon the 

75 sample cell 51. 

The monochrome beams M are diffracted or 
scattered by the sample particles within the sample 
cell 51 and the scattered beams are collected by 
means of the respective corresponding photosen- 

20 sors 56a. 56b through the respective collecting 

lenses 69a, 69b - - - followed by measuring the 
optical intensity distribution by means of the group 
of photosensors 56. 

In the group of photosensors 56. the photosen- 

25 sors arranged closer to the rear of the sample cell 
51 receive the monochrome beams M having larg- 
er scattering angles while the photosensors ar- 
ranged closer to the front of the sample cell 51 
receive the monochrome beams M having smaller 

30 scattering angles. Accordingly, an optical intensity 
detected by means of the photosensors arranged 
in the rear of the sample cell 51 reflects the quan- 
tity of the sample particles having smaller particle 
diameters while an optical intensity detected by 

35 means of the photosensors arranged in the front of 
the sample cell 51 reflects the quantity of the 
sample particles having larger particle diameters. 

In addition, a part of the monochrome beams 
M coming out from the aperture 64 of the monoch- 

40 rome emitting means 53 and separated by means 
of the second beam-splitter 70 is received by the 
second monitor photosensor 68. 

The optical intensities detected by means of 
the respective photosensors 56a, 56b - - 71 are 

45 converted into analog electric signals and put in the 
multiplexer 66 through the amplifiers 65. 

Since the wavelength range of the lamp light 
source 59 is previously selected so as to be shor- 
ter than the wavelength of the laser beams L, as 

50 above described, the diffracted or scattered mon- 
ochrome beams M are effective for the determina- 
tion of the particle size distribution of the sample 
particles having smaller particle diameters. On the 
other hand, the diffracted or scattered laser beams 

55 L are effective for the detemination of the particle 
size distribution of the sample particles having larg- 
er particle diameters. 
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The data of measurement sent from the re- 
spective photosensors 55a, 55b , 68, 56a, 56b - 

- -, 71, in short the analog electric signals, are 
taken in the multiplexer 66 in the appointed order. 
That is to say, for example, the data of measure- 
ment are taken in in the order from the photosen- 
sors 56a, 56b corresponding to the sample 

particles having smaller particle diameters to the 

photosensors 55a, 55b corrseponding to the 

sample particles having larger particle diameters. 

The analog electric signals taken in the mul- 
tiplexer 66 are turned into series signals and then 
converted into digital signals in turn in the A/D 
converter 72 on the following stage followed by 
being put into the operating device 73 on the 
following stage. 

In the operating device 73, a treatment (step 
S11) of compensating the data measured by 
means of the ring shaped detector 55 on the basis 
of the data measured by means of the first monitor 
photosensor 68 at the same point of measuring 
time and a treatment (step Si 2) of compensating 
the data measured by means of the group of 
photosensors 56 on the basis of the data measured 
by the second monitor photosensor 71 at the same 
point of measuring time are conducted prior to the 
calculation of the substantial particle size distribu- 
tion, as shown by a flow chart in Fig. 7. That Is to 
say, the data measured by means of the ring 
shaped detector 55 are increasedly or decreasedly 
compensated depending upon an increase or de- 
crease of the quantity of light received by the first 
monitor photosensor 68, in short a fluctuation of the 
laser beams L in quantity of light, and the data 
measured by means of the group of photosensors 
56 are increasedly or decreasedly compensated 
depending upon an increase or decrease of the 
quantity of light received by the second monitor 
photosensor 71, in short a fluctuation of the mon- 
ochrome beams M in quantity of light. 

Subsequently, a particle size distribution of the 
sample particles is determined on the basis of the 
data of measurement of the respective optical in- 
tensities compensated in the above described 
manner (step S13). This calculating procedure is 
conducted on the basis of the theory of the Fraun- 
hofer diffraction or the Mie scattering. 

According to the first embodiment of the 
present invention, the data measured by means of 
the ring shaped detector measuring the optical 
intensity of the laser beams diffracted or scattered 
by the sample particles and the data measured by 
means of the group of photosensors measuring the 
optical intensity of the single wavelength beams 
are compensated by the quantity depending upon 
the concentration of the sample particles at that 
time and the particle size distribution of the sample 
particles is calculated by means of the particle size 



distribution-calculating means on the basis of the 
compensated data of measurement, so that an 
effect is obtained in that an accurate particle size 
distribution can be measured without being Influ- 

5 enced by a multiple scattering. 

And, according to the second embodiment of 
the present invention, the data measured by means 
of the ring shaped detector measuring the optical 
intensity of the laser beams diffracted or scattered 

70 by the sample particles and the data measured by 
means of the group of photosensors measuring the 
optical intensity of the single wavelength beams 
are compensated by the quantity depending upon 
the optical Intensity of the laser beams and the 

75 monochrome beams measured by means of the 
first monitor photosensor and the second monitor 
sensor, respectively, at the same point of measur- 
ing time and the particle size distribution of the 
sample particles is calculated by means of the 

20 particle size distribution-calculating means on the 
basis of the compensated data of measurement, so 
that an effect is obtained in that an accurate par- 
ticle size distribution can be measured without be- 
ing influenced by the fluctuation of the light source 

25 In quantity of light. 

In addition, the data measured by means of the 
larger particle diameter particle-detecting optical 
system and the data measured by means of the 
smaller particle diameter particle-detecting optical 

30 system are taken in by means of the data-putting 
in means together to be used as the data for the 
particle size distribution-calculating means, so that 
an effect is obtained also in that the wide range of 
particle size distribution ranging over from the 

35 smaller particle diameters to the larger particle 
diameters can be simply measured at a single 
stroke. 

Fig. 4 

40 

SI : To memorize the data of the beams trans- 
mitting through the blank sample liquid; S2: To 
calculate the transmission factor of the monoch- 
rome beams and the laser beams; S3: To com- 
45 pensate the data measured by means of the 
photosensors depending upon the calculated trans- 
mission factor; S4: To calculate the particle size 
distribution; 

50 Fig. 7 

S11: To compensate the data measured by 
means of the ring shaped detector on the basis of 
the data measured by means of the monitor 
55 photosensor68 ; SI 2: To compensate the data 
measured by means of the group of photosensors 
26 on the basis of the data measured by m ans of 
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the monitor photosensor 71; Si 3: To calculate the 
particle size distribution on the basis of the com- 
pensated data: 

Claims 5 

1. An apparatus for measuring a particle size 
distribution, characterized by 

- a larger diameter particle-detecting op- 
tical system (19, 49) containing laser io 
beam-irradiating means (22. 52) for irra- 
diating a sample vessel (21. 51). in which 

a medium with sample particles dis- 
persed is housed, with laser beams (L) 
and a ring shaped detector (25, 55) for 75 
measuring optical intensities of laser 
beams (L) having the respective scatter- 
ing angles diffracted or scattered by said 
sample particles, 

- a smaller particle-detecting optical sys- 20 
tem (20. 50) containing monochrome 
light-irradiating means (23. 50) for irra- 
diating said sample vessel (21, 51) with 
monochrome lights (M) obtained from a 
lamp light (29, 59) and a group of 25 
photosensors (26, 56) for measuring op- 
tical Intensities of monochrome lights (M) 
having the respective scattering angles 
diffracted or scattered by the sample 
particles; 30 

- a first photosensor (35, 68) for measuring 
an optical intensity of a laser beam (L) 
which has not been diffracted or scat- 
tered by the sample particles; 

- a second photosensor (38, 71) for mea- 35 
suring an optical intensity of a monoch- 
rome light (M) which has not been dif- 
fracted or scattered by the sample par- 
ticles; 

- compensating means (40) for compen- 40 
sating data measured by means of said 

ring shaped detector (25. 55) and said 
group of photosensors (26, 56) depend- 
ing upon data measured by means of 
said first and second photosensors (35, 45 
68; 38. 71) respectively; and 

- particle size distribution-calculating 
means (40) for calculating a particle size 
distribution of the sample particles from 

the compensated data of measurement so 
on the basis of the theory of the Fraun- 
hofer diffraction or the Mie scattering. 

2. The apparatus as claimed in claim 1, char- 
acterized In that 55 



- a first photosensor (35) is positioned to 
measure an optical intensity of a laser 
beam (M) transmitting through the sam- 
ple vessel (21) without being diffracted or 
scattered by the sample particles; 

- a second photosensor (38) is positioned 
to measure an optical intensity of a mon- 
ochrome light (M) transmitting through 
the sample vessel (21) without being dif- 
fracted or scattered by the sample par- 
ticles: and 

- the compensating means (40) calculates 
a transmission factor of said laser beam 
(L) and of said monochrome light (M), 
respectively, on the basis of the data 
measured by means of said first trans- 
mitted beam-measuring photosensor (35) 
and said second transmitted beam-mea- 
suring photosensor (38) to compensate 
the data measured by means of said ring 
shaped detector (25) and said group of 
photosensors (26) by a quantity corre- 
sponding to said transmission factors. 

The apparatus as claimed in claim 1 or 2, 
characterized In that 

- a first beam-splitter (67) is provided for 
separating a part of the laser beams (L) 
before they are incident upon the sample 
vessel (51); 

- a first monitoring photosensor (68) is po- 
sitioned to measure an optical intensity 
of the laser beams (L) separated by 
means of said first beam splitter (67); 

- a second beam splitter (70) is provided 
for separating a part of the monochrome 
lights (M) before they are incident upon 
the sample vessel (51); 

- a second monitoring photosensor (71) is 
positioned to measure an optical inten- 
sity of the monochrome lights (M) sepa- 
rated by means of said second beam 
splitter (70); and the compensating 
means (40) compensates the data mea- 
sured by means of the ring shaped de- 
tector (55) and the group of photosen- 
sors (56) depending upon said data mea- 
sured by the respective first and second 
monitoring photosensors (68, 71) at a 
point of time when the above described 
data are measured. 

The apparatus as claimed in one of the claims 
1 to 3. characterized by data input means 
(66) for putting into the calculating means (40) 
data measured by means of said ring shaped 
detector (25, 55), data measured by means of 
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said group of photosensors (26, 56), and data 
measured by means of said respective first 
and second photosensors. 

The apparatus as claimed in claim 4, char- 
acterized in that the data input means (66) is 
a multiplexer. 
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